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SECTION I

INT R ODUCTION AND SUMMARY

This is the sixth quarterly technical progress report for contract number
DAAK7 O-77-C-0248 , Prototype Automatic Target Screener (PATS) . The
first two quarterly reports document the Phase I design study. The third
quarterly report provides a description of the final target classifier desi gn
for the target data base currently available and the results of the hardware
and CPU 1 software system design tasks . The fourth and fifth reports and
this one describe further the subsystem design details and status of the
hardware fabrication , software coding, and hardware checkout. This report
covers the period from 1 January to 31 March , 197 9.

The program objective is to produce a design for an automatic target
screener. The screener will reduce the task loading on the thermal imager
operator by detecting and recognizing a limited set of high-priority targets
at ranges comparable to or greater than those for an unassisted observer.
A second objective is to provide enhancement of the video presentation to
the operator. The image enhancement includes: (1) automatic gain /
brightness control to relieve the operator of the necessity to continually
adjust the display gain and brightnes s controls and (2) DC restoration to
eliminate artifacts resulting from ac coupling of the infrared (IR ) detectors. ---

Image enhancement will also include local area gain and brightness control
to enhance local variations of contrast and compress the overall scene
dynamic range to match that of the display . This circuitry has been completed,

___

_
_ _ _ _ _ _ _  

____  
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° “~~~~
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and examples of its performance on videotaped thermal image data , along

with the circuit description , were included in the first quarterly report.

The DC restoration image enhancement circuit eliminates the streaking

associated with loss of line-to-line correlation on the displayed image

because of the ac coupling of the detector channels .

Some of the high speed parts required in the checkout of CPU1 operations

have had extended delivery times; therefore , a contract extension has been

necessary. A revised program schedule is included to show the effect of

this extension .

— - 

-~~~ This report consists of five sections. Section II describes the hardware

status and design . Section III presents the software status. Section IV

provides the plans for next reporting period and Section V the revised

schedule information.

2
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SECTION II

HARDW ARE STATUS AND DESIGN

This section describes those design tasks completed and the checkout status

of boards whose design description was reported in previous reports. The

PATS hardware tasks were broken down into subparts as follows :

• Image Enhancement

• Edge Signal

• Brigh t Signal

• Interval Generation

• CPU1

• Memory 2 (intensity information)

• CPU2

• Symbol Generation

• Sync and Timing

The design tasks that are reported for this period are the symbol generation

and the interface between CPU 1 and CPU2 . The CPU 1/CPU2 interface was

described briefly in a previous report but this section will present the final

design considerations and solution.

3 

hILL. -~~~~~
--~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - • ‘ -

______ • - • -— L~~~~. - -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- 
______________ 

_ _ _ _ _ _ _ _ _ _ _ _

The status table given In the previou~ repor t is updated in this section , with

a b rief discussion of items that have been or remain to be done. A power

es timate based upon measured and estimated power is also given.

STATUS OF MODULES

Table 1 presents the status to date of the functional subassemblies defined

for PATS . The percentage completed is a rough estimate of our progress

wi th each task. One hundred percent means the task is essentially complete

bu t changes may be made during checkout. Some of the hardware has I: en

checked out individually and partially integrated together. However , dur in g

final integration we still may have to make changes. The status of each

functional subassembly is as follows:

• Image enhancement- -two boards completely buil t , contrast

enhancement board to be checked out shortly, DC restore to

be checked out during integration phase

• Edge Signal- - one board completely built and checked out; a few

components need to be changed because of board spacing

• Bri ght Signal- - same as edge signal

• Interval Generation- - design not completed yet , to be worked on
during next period

• CPU 1--six full boards completed , including sequencer , ALU
with multiplier , Memory 1, Memory 1 constants , DMA/FIFO
interface , and CPU 1/CPU2 interface; some required parts

still missing but initial checkout has begun

4
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TABLE 1. STAT US 01’ PATS HAR DWAR E (PER CENTAGE COMPLETED)

Checkout
Excluding

Subpart Boards I ) e s ign  Schematics  Build In tegra t ion

image  Enh ancemen t
A dapt ive ( ontr ~i~ t Enhance ment 1 100 100 100 0
D( Res tore 1 100 100 100 0

Ed ge 1 100 100 100

Bright 1 100 100 100 ¶i5

interval 1 65 0 0 0

CPU (I)igital Processing Subsystem)
l’rocessor Inc Mult ipl ier  1 100 100 100 0
Microprogram Memory  Sequencer 1 100 100 100 50
F I F O / L ) M . A  i/ F  1 90 95 95 0
\ Iemorv 1 2 95 100 100 0
C PU /CP I  2 i / F  (inc in u l ’ 1 2 )  1 N -\  NA NA U

\ I t - r n O r v  2
AID . Summation 1 100 100 100 100
\lemory Control and Refresh 1 IOU 100 100 100
Memory 512 x ~12 x 2 4 100 100 100 100

C1~12
(Pt with 16K \~I-mory (NI) 11-BC) 2 N-\ NA N A  100
l ’ i l O \ l  Board (MR V i i  — - \ A )  1 N -\ N A  0 0
Ser i a l  Port (DL V 11I  inc P r i n t e r /
Keyboard 1 N .-\ NA N A  100

Refresh/Bootstrap (H I-~Vl1— ( ) 1 NA NA NA 100
Floppy Controller  ( I I N V 1 1 - H A )  inc

Floppies 1 N A N A N .-\ 100

Sy mbol ( ;e r iera tor  (one included in
CPP2) 2 100 100 10 0

Sync and Timing
Sync Separator  and Video Switches 1 100 100 100 100
Sync  ( ;e n e r a t  ion 1 100 ¶1 0 100 100

\Vr i t ah l e  Control Store 1 100 0 100 100

NA-Not  applicable to PATS Design T a sk s

5
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• Memory 2--total of six boards built and initial checkout

completed on all boards; this Includes memory control , AID
boards , and 512 x 512 x 2 memory planes (four); presently

only implementing a 512 x 256 x 2 memory

• CPU2--this computer was purchased; all parts have been

assembled and are functioning

• Symbol Generator- -design complete for both boards; build

for one board has started; one board will fit into main PATS
chassis and the other in CPU2 mainframe

• Sync and Timing--both boards built and checked out; work well

with 525-line system; PROM will have to be blown for use with

875-line system

• Writable Control Store- -additional board which is not Included

in PATS hardware but necessary for microcode checkout; all

checked out and being used in CPU1 checkou t

• In order to provide additional information on the status of the boards ,

pictures of those already built are included as part of this section. These

boards will eventually be put into the ATR-type chassis . These figures

are In the order In which they were mentioned above. Figure captions

indicate the assigned slot in the chassis .

6
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POW ER ESTIMAT E

This power estimate is based upon measurements of the current from

various power supplies during checkout. Not all parts were In the boards

at checkout time so the measured values may be slightly biased. However ,

the power for these parts has been estimated and added to give the values

listed in T able 2.

In addition , CPU2 power must be taken into account. This breaks down as

follows:

Board +5 +12

KD11-HA 1.6 .25

MSV11-DC 1.8 .36

MRV 11-AA 3.45

DMA-Lu 2.0

Symbol I/F 2.0

REV11-C 1.5

DLV 11 1.6 .22

RXV11 1.5 
_ _ _

15.45 .83

The power calculated for purely dc loads (including the CPU2 boards which

are not required for operation) is:

+5(22.6 + 15.45) = 190.3

-5(.i) = .5

÷ 1 5 ( 1 . 6 )  = 24, 0

-15(2 .0) = 30.0

+12(2 .5+  .83) = 40.0
~~285 watts
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TABLE 2. POW ER ESTiMATION (current in amps )

_______ 

Volts 
_____ ___________Board

_________ 

Description +5 -5 +15 -15 +12

ACE .1 .3 .2

A2 DC Restore .2 .3 .2

A3 Video Switches . 2 .2 - 1

System Timing 1.3 .1

A5 Brigh t .1 .3 .2

Edge .1 .3 .2

Interval ~~~~
:\21-A24 Mem 2 Bit Plane .1 x 4 .025 x 4 .5 x 4

A26 A/D Summer .8 .1 1.1

-\27 Memory Control 1.4

A28 Symbol Gen l .0  •

A3 1 Input DMA /FIFO 3. 0~
Sequencer

A34 A LL 1  3.0’
~ 

*estimated

A36 Memory 1 C 3.0

A 37 Memory 1 3.0

Total In Chassis 
_______ ________ ____ ______

Total in Chassis 22.6 .1 .16 2.0 2.5
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This does not take into account the power supply inefficiencies or safety fac-

tor which we will have to include In our final power supply specification.

SYMBOL GENERATOR

The symbol generator function in PATS provides the user with a video

graphics overlay. It is capable of operating with either a 525— or 875-line

raster scan. The symbol generator consists of an interface to the LSI 11/2

bus, a 256K x 1-bit graphics overlay memory and a vector generator. Each

of these parts is described below, followed by a statement of word format

requirements for the symbol generator software.

LSI 11/2--Symbol Generator Interface

The interface to the DEC LSI 11/2 bus is provided almost entirely by six

LSI chips developed by DEC specifically for general purpose interfacing.

These chips minimize the chip count required to implement bus circuitry .

The chips used are the DCOO3 (interrupt logic), DCOO4 (protocol logic), and

DCOO5 (transceiver logic). Figure 17 is a block diagram of the interface

between the computer bus and the symbol generator.

The transceiver provides data lines to reflect the state of the bus when

receive (REC) is asserted and to dr ive the bus when transmit (XMIT ) is

asserted. Address and interrupt vector information for interrupt request

and device selection is also provided by the transceiver chips . When the

address lines match the state of the associated bus line this will allow the

protocol logic chip to look for the proper synchronization signals.

25
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D E V I C E  ADDRESS VE CTOR ADDRESS

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ DATA IN

DATA OUT

OUTLBL
BSYNCL liw ni
BWTBTL SELOL

N PROTOCOL 
EL

— DCOD4
BRPLYL 

— 
SEL4L
SE 161

BIROL — 

INT E RRUPT ROST ~~ VDRVL
BINITL
BIAKIL

BIAKOL 0C003

Figure 17. Bus Interface for Symbol Generator
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Once the control signals BDINL , BSYNCL , B W TBT L and BDOU TIP are

present , the protocol logic generates the control signals INWDL , OUT LBL ,

SE LOL , SEL2 L, SEL4L , and SE L6 L for the svnibol generator . To transfer

data fr om the 11/2 to the symbol generator , a BDOUT L, along with the

appropriate address on the data bus to give the proper SE LXL command ,

must occur. The protocol logic functions as a register selector to provide

the signals necessary to control data flow into and out of the symbol generator

register (X-address , y-address, da t a, and func tion) . Each SEL output is

used to select one register from or to which the data is transferred , depending
upon the status of INWDL or OUTBL .

Either BDINL or BDOUT L, depending upon the bus cycle , will init iate a

delayed signal back to the bus indicating that the data has been received.

This signal-generated bus reply (BRPLYL) will allow the LSI 11/2 to go on

to the next instruction.

The interrupt logic performs an interrupt  t ransac t ion. For the symbol

generator s, the vertical drive (VDRV) signal provides the main interrupt .

F 
When the request (RQST ) is asserted , the in ter rupt  logic asserts BIRQL to
the bus which initiates the bus handshake operation. This operation termi-

nates with the generator s of the vector address by the transceiver logic under
control of the interrupt logic.

Data is typically read from and written into the symbol generator by use of
the MOV Instruction . Usually data is stored in Register 1 in the CPU for
a particular symbol to be generated. Since this is a memory-mapped I/O ,
the output register address is the address of the symbol generator and is

27
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called R egister 2 (R2) . Hence , to write data to the symbol generator the

mnemonic

MOV R 1, H2

applies and the appropriate bus signals are automatically generated and

decoded.

The device address for the symbol generator will be 1770~ 0 with a vector

address for the vertical drive interrupt at 240. The select addresses are

then

SELOL 177000

SEL2 L 177002

SEL4L 177004

SEL6 L 177006

Depending upon the MOV command , these will be gated as being either read

or write select commands.

The symbol generator memory stores 512 x 512 words of single-bit graphics

data. Graphics bits can be randomly read or written by CPU 2 using the

symbol generator Interface. The memory can be randomly accessed at about

a 1 MHz-rate  at the same time the memory is being sequentially read out to

the video monitor by interlea-’ing the random and sequential (Or video) memory

cycles. During vertical and horizontal retrace times , ran dom access can be

made at close to a 2 MHz-rate .  Low power 16K x 1 dynamic RAMs are used

for memory. Normally these memories requir e a refresh cycle , but the

continuous video readout accomplishes this automatically.

28
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A block diagram of the symbol generator memory is shown in Figure 18.

The memory is multiplexed to make it appear to be a 512 x 512 single-bit

plane . The memory, which uses 3ixteen 16K x 1 dynamic RAMS , is very

similar in architecture to Memory 2 , discussed in previou s PATS reports.

The addressing for the memory comes from two sources, the sequential or

video address counter ( V A C)  and the random address from the CPU2 symbol

generator Interface. Selection is made by the address MUX , depending on

the cycle type. The address to the memory is a seven-bit split multiplexed

address. The random address is already multiplexed on the CPU2 interface.

The video address MUX (VAM) multiplexes the 14-bit video address counter

(VA C).

The data inputs to the memory are tied together. A single bit is writ ten in-

to the memory by enabling the write line on the selected 16K x 1 memory

ch ip. The data outputs from the memory are latched during video reads in

a 16-bit latch and then loaded Into a parallel-to-serial shift register. During

a random read cycle , the memory data is run through a 16-to- i line IVIUX

and lat ched , thus allowing single-bit operations.

The memory timing and MUX control (MT MC) generates timing signals to

read and write the memory (RAS , CAS , WE); controls the video address

MUX (ENVM , ENVL), the video address counting (CLKX), the address MUX

(VCYC), the address MIJX on the CPU2 symb ol generator interface (EN}~L,

ENRM ) ,  and the memory data outlatches (CVDT , CRDT) ; and generates a

“cycle done ” signal to the symbol generator interface (RDONE) .

*Duane Soland , et al., PATS Quarterly Report #3 , Honeywell Systems and
Research Center . Minneapolis , Minnesota , September 1978.
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The MTMC is clocked by the interface and cycle generation (ICG ) section ,
which de termines when a sequential cycle occurs and when a random cycle
occ urs. The ICG processes requests to read or wri te  to memory f rom the
CPU2 symbol generator interface (CYREQ) and synchronizes the r equests to
the clocking signals fr om the sync and t iming board (CK512 , HSYN C , HI3 LNK ,
VBLNK) . The symbol outpu t shif t re gis t er is also cont rolled by the ICC.
( LDSR , CK5 12) .

During vertical blanking (VB LNK) , the VA C is cleared by the vertical drive
signal (VDRV ) and video reading is disabled. During this period , random
cycles can occu r every eigh t periods of the 512 -clock from syn c and timing

(CK512) , wh ich Is 500 ns for 875-line video and 800 ns for 525-line video.
When vertical blanking is done, the video and random cycles a l ternate  ever
eigh t periods of CK512 during active video. During horizontal blanking
(HB LNK), random cycles can occur as during vertical blanking, ex cept a t
the end of HBLNK when the alternating cycles begin again.

Timing diagrams for ICG signals at various points in the horizontal scan
are shown in Figures 19, 20 , and 21. In Figure 19, the HSYNC signal from
the sync and timing board goes high sixteen CK512 periods before HBLNK
ends. This prevents any random cycles (RCYR Q) from beginning. The
HSYNC signal lasts for eight CKS12 periods . At the end of HSYNC , a video

read cycle (VCYRQ ) is initiated for eigh t clock periods. The shift register
load signal (LDSR ) goes high at the end of the video cycle. A random cycle
can occur following the video cycle (if CYR EQ was sent from the symbol
generator interface) as Is shown in Figure 20 , which is a continuation of
Figure 19. The numbers in the CK5 12 clock pulses correspond to the memory

31
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data bit being shifted out of the shift register. During the random cycle ,

CLKX goes high, incrementing the VAC . This CLKX signal is gated by

HBLNK to insure only 32 increments per line . A video cycle follows

RCYR Q and alternates to the end of the video line. Figure 21 shows the

timing at the end of a video line. After HBLNK goes high, all cycles unt il

HYSNC goes high can be random (note that CLKX is low throughout blanking) .

This allows faster random access during blanking .

The timing diagrams for the signals to/from the MT MC are shown in Figure

22. The cycle request signals VCYRQ and RCYRQ dictate the actions of the

MTMC . If RCYRQ, VCYR Q and HBLNK are low , the CLKX signal is only

signal pulsing.

The cycle request (CYREQ ) , graphics on / off (GON), memory write (WRIT ) ,

clear memory (CLRM), and bit address (X
0 3

) signals come from the CPU2

symbol generator interface. Signals to the interface are the address MUX

controls (ENRM , ENRL) and cycle done (RDONE ) .

Vector Generator Implementation

An implementation block diagram of the vector generator is shown in Figure

23. Data to and from the LSI 11/2 comes over a 16-bit bi-directional data

bus BD0_ 15. The X and Y random address values are stored in nine-bit

loadable up/down counters. Data from BD0 8  are loaded into the X counter

when SELO and WCLKO are true. The counter is incremented or decremented

by the C LKX signal , and XUD determines up or down count. The ‘1 address

counter behaves similarly. The concatenated results of X4 8  and from

the counters form the least significant seven-bit multiplexed random address

3: 
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to the symbol memory ( 1v1R A 0 6 ). The Y2 8  output forms the most signifi-

cant seven-bit address. The four least significant bits of the X— address go

to the symbol memory.

The vector length down counter is loaded with BD 9 15 
when WCLK4 is true.

The DO signal from cycle request and done timing causes the counter to

decrement. A carry out signal (CU) indicates a counter underfiow. The

cycle request and done timin g generates cycle requests (CYREQ) to the

symbol memory until the vector length counter CO signal is set. A done

signal (CDONE ) is sent to the LSI 11/2 interface at completion of the vector.

The initial cycle request is generated by a true WCLK4 signal. The done

signal (RDONE) is returned from the symbol memory at the end of every

cycle. Delayed versions of R DONE are generated at 0 ns (DO), 40 ns

(D40), and 80nsec (D80) for timing in the vector length counter and the

EPROM vector generator . Timing for the cycle request and done timing is

shown in Figure 24. The figure shows the beginning and end of a sequence

(assuming the vector length is greater than one) . The carry out signal from

the length counter ends the sequence.

The vector control latch is loaded with BD0 8  when WCLK 4 is true. This

latch has the intensity (INT ) , read/write (WRIT ) , direction control (XU PON ,

YTJ PON , or VDIR when concatenated) and the vector number VNUM 0 4 . The

WRIT and INT controls go to the symbol memory board. The other bits of

the latch go to the EPROM vector generator .

A block diagram of the SPROM and vector generator is shown in Figure 25.

The 2K x 8 EPROM stores up to 32 vector sequences with 64 pixels per

sequence. Each EPR OM location stores eight control bits. The control

38
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Figure 24. Vector Generator Cycle Request and Timing

bits determine the direction of the X and Y address counters and whether

these counters are clocked during each symbol memory read or write cycle.

The definitions of the control bits are shown in Table 3.

When WCLK4 is set , vector generation begins. As mentioned earlier ,

SCLK4 being set loads the vector control latch with XUPDN , YUPDN , and

VNUM 0 4 . The SCLK4 signal also clears the five-bit counter and the output

latch on the EPROM. Thus , the least significant bits of the EPR C~.1 add ress

(A 0_ 5 ) are cleared and the most significant bits of address (A 6 1 0 ) are

VNUM 0_ 4 . When RDON E returns from the symbol generator , the DO signal

latches the EPROM contents. This sets the address counter directions X I D

and YUD to their current or reverse direction with the Y DIR and XDIR

39
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TABLE 3. EPR OM CONTROL BIT DEFINITION

E PROM
Bit # Symbol Description

0 CX CX = 1 , clock X-~iddre~~s counter
= 0, don ’t clocking X-a ddr e~~

1 CY Cl = 1, cloc k I - address counter
= 0, don ’t clock Y-address

2 XDIR XDIR = 1, reverse counter direction
specif ied by I - U PDN

= 0, counter  direc tion set by
Xc P 1) N

3 YD I R Y Difi = 1, r cv ers~c- counter  direct ion
specified by Y U P D N

= 0 , counter direct ion set by
V L PDN

4-6 ---  NOT USE D

7 RST BST = 1, be gin sequence over (reset
6 LSBS)

- - = 0, continue t o next address

signals from the latches using the exclusive OR gates. When D40 goes high ,

CLKX is set if CX is high and CLKY is set for CY high . If the RST signal

is high , the six-bit address counter Is cleared and the sequence is repeated.

If RST is low , the counter is incremented by D80 to the next address in the

EPROM.

Since the counter length is six bits , the sequence can be up to 64 bits long.

The vector length counter underfiow stops the EPR OM vector generator.  A

41 
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sequence in the PR OM for VNUM 0_ 4 O0100~ and a slope of 2 / 3  (See

Figure 27 ) is shown in Table 4.

Programming Considerations for the Symbol Generator

Any bit within the symbol memory can be read. The N-address points to

pixels along the video scan line and the Y-address to the scan lines. There

are 480 ac tive scan lines in the 52 5-line format.  There are two lines displayed

for every line in the graphics memory, so that only the first  240 locations of

the graphics memory are disp layed. For the 875-line ra te , 400 locations in

the memory are used. Any bit wi thin  the memory can be read or writ ten.

This can be done at all times, but occurs fas ter  during the video blanking

periods. Fastest access to the memory occurs for 1.3 msec after the video

vertical retrace period begins . A signal is returned to the LSI 11/2 to

indicate that this period has started (VDRV interrupt) .  The maximum rate

TABLE 4. EPR OM SEQUENCE FOR SLOPE 2 / 3

l-~P H O \ 1  i-: PROM
-\DDR ( (~NT }- NT’-~

10 9 8 7 6 5 4 3 2 1 0 7 6 5 4 :~ 2 1 0

o 0 1 0 0 0 0 0 0 0 0 0 - - - 0 0 1 1

o o 1 0 0 0 0 0 0 0 1 0 - - - 0 0 1 0

o o 1 0 0 0 0 0 0 1 0 1 - - - 0 0 1 1

0 0 1 0 0 -\ LL OTUI - :PS - - - - - - - -

42
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at which the memory can be accessed continuousl y is 2 \l H z / b i t  during

ver tical retrace and at least 1 M H z / b i t  during th ( - remainder  of the video

fie ld.

The memory is organized as a 512 x 512 . cray of sin~ 1c bit words. F:~ch

word in the memory is addressable by a n - b i t  X- address and 9-bit  V-address .

The addresses correspond t o pixels on t~ n -  scrt -~-n of d f a st er scan vidco moni tor

as shown in Figure 26.

The vector generation fea ture  of 1-he interface allows the user to specify a

sta rt ing X , I pos ition and draw fixed slope vectors of v~ir i tb li- l i - ng t h .  The

para meters necessary to generate the vector ,  in addition to the s tar ting

address , are : (1)  the vector type (in other \v ords , usual l y slope ) , (2)  the

quadrant  that  the vector is drawn in using the origin as the s ta r t ing  N . V

(0. 0) ~~ I)

1W . Y l

- — - - — - -  — - — - 5-— —— —- SIl 240
LAST
L1411
FOR S25
l INE R A T E

LAS T
LI NE (0 .400) - —  — — — — — —  —

FOR
075 L INE 

_____________________________ __________ __________

RATE 
- — 

5 1 1  5 1 1

Figure 26. Graphics Display Formats

43
4.

5,

- - 5 - - -

_________________________________ - y--—. k — -  - - _ ~~~~~~ -



-~ :--- --------— 
~~-_-__ 5-

~~~~~.4~~~~~~~~~ --- —-
~~~~ --- -

-
- - - . . .T ~ =~-

- 

address, (3) the length of the vector in pixels , and (4) whe ther the vector is

erased or intensified. Once these parameters are specified , a vector is

automatically generated allowing the computer to do other functions.  Vector

slopes have not ye t been selec t ed , b ut typical values for Y / X  migh t be 1,

1/2 , 1/3 , 2 , 3, etc. This method of vector generation does not allow general

vec tor generation as a A l / A X  approach would , bu t should be adequate for most

applications . Slight modification of the approach allows curve generation in

addi tion to vectors. Single points are writ ten into the memory by specify ing

a unit length vector.

The format of the symbol generator commands is as follows:

Starting addresses in the graphics memory are set up by issuing X- and

V-add ress values to the interface addresses SE LO (X -address) and SE L2

(V-address) .  The format  of the data to the interface is shown in Table 5.

Vec tors are read or writ ten with respect to the start ing address. -\fter a

vec tor oper :it ion is done , the s tar t ing address is at the last point of the vector.

This allows all addressing relative to any initial address.

Both vector reads and w r i t e s  are initialized by t ransferr ing data to the inter-

fac e using the SEL4 interface address (see Table 6) . Whe n wri t ing a vec t or

(W R IT =1 ) ,  the memory locations can be set (INT 1) or cleared (INT O) . The

direction of the vector with respect to the starting position can be selected

by two bits (VD IR ) .  Bit 2 of VDIR gives the direction that the X location

counters count , with a zero indicating lef t to ri gh t on the display and a one

ri ght to left .  Bit 3 gives the same information for the Y-address location

cou nters .  If bit 3 is zero , the count is from top to bottom ; If bit 3 is one ,

44
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TABLE 5. N AND Y ADDRESS COMMAND FOR MATS (SELO , SEL2 )

SET X- AD D R L S S

SELO

Output
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Data

To NOT USE D X - ADDR ESS

Interface

X -A DD R Nin e bit s tar t ing N -address.  Values from 0
(lef t) to 511 ( r ight ) .

SET V- ADDRESS
SE L2

Out Put
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Data

To NOT USED Y-A DDRESS

Interface

Y-ADDR Nine bit starting I-address. Values from 0
( top) to 511 (bot tom) .
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TABLE 6. VECT OR R E A D / W R I T E COMMAND FOR MAT (SEL4)

SEL4

Output

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Da ta w 1
To VLEN V N I ~~ ] VDIR N

I n t e r f a ce  T T

[NT = 1 I n t e n s i f y  vector if W R I T  = 1

0 l- r~ sc vector if \VRIT = 1
If \V13IT = 0, then INT causes no-operation

\VHIT 1 \Vritc vector

= 0 Read victor

VDI H = Vector  direct ion f rom s t a r t i ng  point.

11 01
___________ 

(X I)

10 V I ) I f l  r O O

Vector

starting

posi tion

VNE ~ \1 - V ec t o r  number from 0-31 which s I - - I s one of the
p r ep r o er  I f l f l t (  vectors.

VLEN - The l e n c t h  of the vector  in pixels, up to 128 &-1en-enI~~.

46
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the count is from bottom to top. The concatenated value of the 2 bits gives

a vec tor quadrant as shown in T able 6 under the VDIR description. The

vector type (or slope), specified by VNU M , allows for 32 different angles

and , combined wi th the quadr an t specification , gives 128 possible ang les.

A discussion of the angles will be provided later. The vector can be up to

128 pixels in length (VLEN ) . If a singl e location is to be read or wr i t t en , a

len gth of one is specified.

Reading a vector does not modif y the contents of the graphics memory, so

that reading simpl y moves the current position address to another lcx- a tion.

The value of the graphics memory location at the end of the vector that was

read can be loaded int o the compu t er by moving data from the in terface  using

the SEL4 address. The data comes back in bit 0 as shown in Table 7.

TABLE 7. R E A D  VECT OR DATA COMJ\ 1 .-\N D FORM AT (SE I A )

SEL4 Read Vector Data
Input

15 14 13 12 11 10 0 8 7 6 5 4 3 2 1 0

Data D

To N (Yl’ US1 -:1)

In te r face  I

DAT ! - Value of graphics memory a t the last point in
a vec tor that was read.
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The graphics mode can be controlled by moving data to the S1- L6 address of

the interface. The format of the data is shown in Table 8. Graphics can be

dis played by setting bit 0 (GON 1) . The entire graphics memory can be

cleared by setting bit 1 ( C L R M = l ) .  It takes video field time 1/60 second to

clear the memory . When bit 2 is clear (ALT =0 ) , the gra phics display

prod uces an intensified pixel (whi te)  when the gr aphics memory bit is a one.

When the memory bit is a ze ro, only the video appears on the display. When

bit 2 is set (ALT I) ,  the pixel will be ha l f -whi te /ha l f -b lack  when the graphic s

memory bit is s e t .

Vectors in raster  scan graphics are generated by incrementing or decrementthg

N- and V-address counte rs .  Slopes of vec tors  are rational fractions.  An

example of a vector generated with a slope of X/Y = 2 / 3  is shown in Figure 27.

TABLE 8. GRAPHICS CONTROL COMMAND FOR MAT ( SELG)

~~

Output

15 14 13 12 11 1 0 9 8 7 6 5 4 : 3 2 1 0

D at :  C

To N (YI USI- I) n f - : s 1 - : I 1 V E D  L 
~~

‘

I n t e r f :i e e  L T ,
~ NJ

1 1) isp lay graphics memory

= 0 Disable display of graphics  memory

CLR M = 0 No op -r . t ion

= I (le; r en tj r ( -  gr; phics memory

ALT 0 I)isplay graphics bit set as white on the displav (0)

I A l t e r n a t e  w h i t e  and black dur ing  every pix el  t h a t  a
cr: phics bit is set(1)
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Figure 27.  A 2 13  Slope Vector of Four Points

Th e dashed line shows an ideal vec t or , b ut since  a raster scan device has

discret e points , the vectors are seldom s t i - ~ ieh t. Usually, a least-squ: res

approximation to the vector is used. This is shown by the dots in F igu re  27.

To generate the vector , the following sequence of operations must  occur.

1. X — x0, V — 10 Initialize N- and V-address

2. M EM I X , Y~ — 1

3. N — X + 1, y — V + i

4. MEM [X , Y] — 1

5. y — Y + 1

I I
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6. MEM rX ,Y 1 - 1

7. X — X + 1 , Y = - Y + 1

8. MEM ~X ,Y] — 1

9. EN D

In the vector generator , codes like the above steps 2-8 are stored for each

slope . The VNDM parameter in SEL4 selects the desired vector code

sequence. The slopes that will initially be implemented are 1, 1/2 , 1/3 ,

1/4 , 3/4 , 1/ 5 , 2 / 5 , 3/ 5 , 4 /5 , 1/ 6 , 5/6 , 6, 5/4 , 5/3 , 5/2 , 5, 4/3 , 4, 3/2 ,

2. In addition , arcs or odd shapes can be programmed. The only constraint

is that only 64 points are available to store the basic shape .

The basic slope s are shown in Figure 28. Note that some slopes have very

close angles ( 4 / 5  and 5/6) .  It may be de sirable to eliminate one of these.

An example of an arc is shown in Figure 29. Odd shapes can also be generated

as shown in Figure 30.

DMA BOARD

A DMA channel is required that allows for DMA access to the 11/2 for 120

(variable ) words with programmed I/O occuring on CPU1. The DMA L-ll

board meets most of the requirements for the LSI 11/2 DMA interface. A

block diagram of the DMA -Li t  is shown in Figure 31. Data transfer will be

by word mode only. The DMA-Lu may operate as programmed i /O or

direct memory access I/O.
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Figure 28. Sample Vector Slope Plots

51

-- - — -—-- - --.—~~ -- ., -~~~~~ --..— --
- - - - - 5, ,

L~c ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~



r - 
~~~~~~~~~~~~~~~~~~~~~~~~~ - -  —

— - — e—
~~

—
~~~-z~

— — - - -— — — - --— — — - — —
T-..

II III~~~IIII t~
iIIii

— — — —-— .1 —- — — - -—— t i— --— --— --——— 19POINTS(

I
— -

~~~~~~~

- -~~~~~~- - - 5 --- — - --- - — — - -J - -

— 7 —

Figure 29. Exampl e of 90-Deg. Arc  Produced in a Vector Generator

_

IIIII ii7t Ii~ii• 
_ _  _ _

- 

-

~~~~~~~~~~ — —  --~~~~~~~~~~ -

- —~~~~~~~ ---~~~--- -  -~~~~~~~ --

—  

FIgure 30. Example of an Odd Shape Generated by the Vector Generator
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For programmed I/O operations , the DMA-Ll l  communicates with the

external device via a simple i /O bus; 16 bi-directional data lines , three

address lines , write strob e, read enable , and interrupt request. When an

off-board register is selected , these lines become active as required to

perform the operation.

Wh en data in (to the C PU )  is required , the CPU asserts BDINL and waits

for data from the board. The DMA -Ll l selects the register (or FROM )

based on the previously latched address bits. The bus transceivers are

switched to a transmitting mode by R E L  and they drive the Q-bus. If an

external register has been selected , external read enable (XREL) is asserted

(to the external device) and the external interface transceivers (normally off )

are put in a receiving mode. The data is then passed over the internal bus

to the processor .

Similarly, when data out (from the CPU ) is executed , the CPU asserts

BDOUT L and asserts data on the bus. The DMA-Lu selects the register

and loads the data into it. If an external register has been selected , the

external interface transceivers are put in a transmit mode and pass data

from the DMA-L u  internal bus to the external device, and ext er nal wri t e

enable (XWEL) is asserted. About 50 ns later , external write strobe

(XWSTRBL ), a 350-ns pulse , is assert ed , which the external device can use

to load data into its selected register.
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In the case of data either in or out , the DI~+1A -L 11 terminates  the cycle by

asserting BR PLYL. The processor examines the  s tate  of BR P1.1 1. ever~-

350 ns and, when it finds it asserted , releases BDINL or BDGT L, completing

the bus operation . The assertion of BHPLY L is de l: tved to permit  external

device s with an access time of up to 450 ns to be operated reliably. This

r i me may be changed such that the length of B D O I T L  or BDINL can be set

to be be tween 350 ns and 10 ~.zs after the i / O  cycle has s tar ted.

Interrupt

The DMA- Lii  provides the system with a flexible interrupt facility . There

is only one inter rupt vec t or addres s, bu t the source of the interrupt  may be

from either of two classes: internal or exterr +al , wi th a separate enable for

each class. An external interrupt  comes from the external  interface in te r rupt

reques t inpu t line , INTROL .. An internal interrupt  can come f r o m  byte count

overf low , exter n al DC power failur e , or (as a jumper option ) bus ti meou ( .

It should be noted that  if any of the in te r rupt  source lines is active when an

in ter rupt  enable for that class is set , an i n t e r r u p t  r eques t  will be generated ;

also, if an interrupt  has been asserted and cle ire d , wi th processor interrupts

disabled and D M A - L u  interrupt enabled , an in te rrup t will occur when processor

interrupts  are enabled. These conditions may best be avoided by makin g sure

an i n t e r r u p t  is not pending when enabling i n t e r rup t s  or , alternately , one may

write into the DMA memory address register , which will also clear the

interrupt  fllpflop. One may ascertain the status of the interrupt lines by

examining the DMA control /s ta tus  register.
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When interrupt s are enabled and interrupt has been requested by one of the

sources heretofore mentioned , the DMA-Li l  asserts BIROL; thereupon , any

CPU DIN cycle will latch the interrupt into the interrupt acknowledge flipflop.

When the C1’I services the interrupt , it asserts BDINL and BIAKL (which

the DMA - Lll  would pass to the next device on the bus if it had not requested

an in ter rupt ) .  The DMA- Lll  drives the BDAL lines with the interrupt vector

address , BR PLYL is asserted , and the interrupt request flipflop is cleared.

Wh en the CPU receives the interrupt vector address and BRPLY L it discontinues

B IAK I L and BDINL. It then executes a DIN cycle , when reading the contents

of memory at the vector address location , which clears the interrupt acknowl-

edge flip flop.

When the external device requests DMA transfer , the rising edge of DRQ

sets the DMA request flipflop (if the byte count is not at 177777) ,  increments

the add ress and byte counters , and reques ts a DMA cycle from the processor.

If the CPU is busy, the grant will be delayed until the instruction has been

completed ; when it does issue BDMGIL , the negation of BSYNCL and B R P L Y L

by the CPU clocks the DMAGNT flipflop. The DMAGNT flipflop than asserts

BSACKL , which tells the processor that the DMA- Lii has assumed bus

mastership. DMAGNT is then latched into the DMASYNC flipflop, which

synchronizes the DMAGNT to the DMA- Lii clock. The output of DMASYNC

causes the DMA address counter contents to be asserted on the Q-bus by

enabling the register outputs and timing on the bus transceivers with

DTVI ADENL , clears the DM A R EQ flipf lop, and no t ifies the ext ernal device

that DMA requests has been granted. BWTBT L is asserted at this time if a

DOUT cycle is to be performed. The signal will be negated at the onset of

the I/O phase if wor d transfers are to take place; otherwise , it remains
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asserted until the cycle is complete. 279 ns later , BSYNC L is asser t ed ,

wh ich loads all devices on the Q-bus with the contents of the I)~ L-\ address

register.  BSYNC L is maintained for the duration of the DMA transfer

cycle. 279 ris after BSYNCL has been asserted DMADENL is negated and

disab les the address outputs. The t iming now enters the I/ O  phase of the

t r a n s f e r .

\ -Vhen a bi t 5 of the  DMA control /s ta tus  i - ’ ~~i ster is set , it indicates that  a

write to the external device is desired. This means that the D M A - L u , as

bus master , will perform a DIN cycle . Three clock periods are required to

complete the t ransfer .  in the first cycle , BDI NL is as ser ted , whereupon the

selected memory should respond with data and BB PY LY . The second clock

period checks for reception of BR PLYL. If it has not been received by the

end of the period, then ~he DMA-Lu hangs in this wait state until it does

come. If BRPLYL does not come within 10 M5 ’ the tra nsfer is aborted , the

BU SER R flipflop is set and fur ther  data t r a n s f e r s  are inhibited.  The B US E R R

flipulop is cleared by writing into the I)~\ IA address register.  During the

thi rd period X\V 1- L is asserted , which t ransmi ts the data f rom memory to

the user device by enabling the external in ter f a ce bus transceivers, and

XWSTBL , which can be used to strobe the t ransmi t ted  data into an external

regis ter .  XWSTBL should be used for this func t ion , since it ensures reason-

able data setup and hold times for the data. With the rising edge of the four th

period , the t r a n s f e r  is complete and B S Y N C I . ,  BSACKL , BDINL and X \ \ E L

are negated.

Whe n hit  5 of the I ) M A  con t ro l / s t a t u s  r e g i s N - r  is zero , it indicates that data

Is to he read from the external  device into memory. The D MA - L i t , as bus

master , execute s  a DOI’T cycle. Three clock period s are required to complete
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this part of the transfer .  In the f i rst  period , XREL is asserted to the

external device and causes the external i n t e r f ace  transceivers to receive data

from the user device and the internal bus transceivers to drive the Q-bus

with that data. The user device must  supply valid data within 450 ns after

XREL has been asserted or else data w ill not be set up long enough on the

Q-b us to satisf y the Q-bus specification . In thL second period BDOUT L is

asserted , which inf orms the addressed device that valid data is on the bus.

A t the start of the third period BRPLY L is checked to see if it has been

asser ted; the timing will hang for no more than 10 M 5 in this state in expec-

ta tion of BR PLYL ; if this t ime limit is exceeded the t r ans fe r  is aborted , the

BUSERR flipflop is set , and further  DMA trans fers are inhibited until the

BUSERR flipflop has been cleared. When BR PLY L is properly received ,

BDOUTL is negated about 200 ns a f t e r  the rising edge of the clock. There

is than a 350-ns data hold time for memories  which load data on the trailing

ed ge of BDOUTL. The D MA cycle is comple te with the rising edge of the

fourth clock per iod and BSY N C L , BSACKL , H\\ TRT L (if a byte transfer has —

been executed), and XREL are  cleared.

There is no distinction made between burst  or singh transfer mode by the

DMA- LU . It will request DMA t ransfers  whenever requests are received

from the external device. In fact , a DMA request may be pending while a

DMA tr ansfer  is in progress. However , the external device must wait  at

least one master cloc k period (558 n s)  after XDMAGNT has been secured

before asserting DRQ again . This is because DRQ is prevented from setting

the DMAREQ flipflop while the DMA addr~ ss is being presented to the Q-bus

(since setting the DMAREQ flipflop increments the DM -\  address and byte

count registers) .
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Programming Considerations

For programming purposes , the following characteristics of the PMA- Li i

apply:

17740 Base Address

200 Interrupt Vector Address

177500 External Device Register 0

177502 External Device Register 1

177504 External Device Register 2

177506 External Device Register 3

177510 External Device Register 4

177512 DMA Control/Status

177514 DMA Memory Address

177516 DMA Byte Count

Th e on-board registers must  be set up proper~v before a DMA transfer

operation can be started for the DMA control /s tatus register . The bits

have the following meaning :

Bit 15 B External device interrupt  request

W External device in te r rupt  enabled

14 B Internal interrupt request

W Internal interrupt  enabled

12 H Bus error (timeout)

7 B XDCOK (high if external power low)

5 W DMA W/R (h igh for 1) M-\  write to external device)

1 H/ w  Extended address bit 17

0 R / W  Extended address bit 16

13 W Wux H (signal line to external device) (optic~ial)
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All unused bits in the control/status register read as l ’s.

R ela t ive Address 114 D MA Address Coun t er

Bits 0-15 R e a d / W r i t e  DMA address bits 0-15

A write operatien into device address 114 will clear the bus timeout error
flag and the interrupt request latch .

This counter will “wrap -around t ’ to zero when it reaches maximum count

and will inc rement the extended address bits at that time.

This counter is incremented by two 4-word mode transfers.  The increment-
ing occurs before the counter contents are used as the addr ess. Therefore ,

— the value loaded into this counter must  be less than the actual memory
address where the first  transfer is to occur. In word mode the memory
address 2 should be loaded into this counter.

Relative Address 116 Word/Byte Counter

Bits 0-15 Read/Wri te  Word or Byte Count

This up-counter will Inhibit further DMA tr~ nsfer s when it reaches the

maximum count of 177777 and will generate an Interrupt if internal interrupt

is enabled.

This coun ter is incremen ted by one if byte mode transfer is selected and by

two if word mode transfer  Is selected. Thus , it always counts bytes regardless

of the t ransfer  mode selected. This is an up-counter so it must be loaded with

the negative byte count. Incrementing is done befor e each DMA transfer  cycle

so the actual value to be loaded into this counter is:
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- (byte count)-l for byte  mode

- (byte count)-2 for word mode

Off -Board R egis t ers

Five word locations are reserved for off-board registers. These registers

may be up t o 16 bit s wide each , read and / or write .  All data must be buffe red

by la tches , as n eeded , beca use the DMA- Lll uses an external bi-directiona].

data bus and does not latch data in or out of the board.

Device Address 100, 102, 104, 106, 110 Off-Board Registers

Bits 0-15 Read/Write Registers assigned by user

Interfacing to CPU1

The following signal definitions apply to signals available on the DMA- Lii

connector 40.

POW SIGNAL DESCRIPTION

VV XDAL 15L Bi-directional tn - s ta te  data

TT XDAL14L bus normally in high

RH XDAL 13L impedance state

NN XDAL 12L

LL XDAL 11L

JJ XDAL 1OL

FF XDALØ9L

DD XDA LO8L

CC XDALO7L

EE XDA LØ6L

HH XDALO5L

KK XDA LØ4L
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MM XDALO3L

PP XDA LO2 L

SS XDALØ1L

PU XDA LOOL

A DCOKH LSI 11/2 power OK

B DR QL DM A request  assert ed by CPU1

D INT RQL Int errupt  request by (‘P1 1

F QAL Low order DMA address bit (not used)

J XDCOKH CPU1 power OK

L A3L External register address lines (not used in DMA)

R A2L 000 R0, 001 R1 , OlO=R2

V A l L  0 1 l =R :~, 1 -0 = f l4  use with XREL on XWEL

N DMAGNT L DMA has been granted

T TNIT L Initialize ~nd clear

X XWEL Ext write enable , data to CPU 1

Z X R E L  Ext read enable , data  expected from CPU1

BB XWSTBL Ext write strobe

C,E,H,K,M,P,S,I , GND
W ,Y,AA

All control lines should be terminated with 1 50 ohm pullup since they are

driven with 740’ s. All inputs are terminated with 150 ohm pullups and 7414

Sch mit t  trigger inputs.

Figure 32 shows relative timing for DMA timing reading from memory,

Figure 33 shows timing for DMA write into memory, and Figure 34 is the

progra mmed i/ o  t iming.  Note  that A X L  signals are used only in programmed

I / O .
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[ /  / / / NOTE 1 

_ _ _ _ _ _

WTBT 
____________________________ __________________________________________________________

OMRQ 

~~~~~~~~~~~ 
—

DMGI 11111 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

SACK
• 

I _ _ _ _ _

X DMA C NT ._____________ J _

memac

XWE

I i

XWSTRB

D M A D E N

• DDN T CAR E
1CL K = CLOCK PERIOD 55$ns ADDRES S SETUP TIME = 279ns

• DMA GRANT TIME - UNDEFINED — DEPENDENT ON CPU ACTIVITY

~ n.moc • MAXIMUM MEMORY ACCESS TIME BEFORE TRIGGERING A WAIT IN T53 ~~1OOOn s
- DATA SETUP TIME BEFORE STROBE ~ iOns

t strb . WRITE STROBE PULSE W IDTH ~ 375its
t dh DATA HOLD TIME AFTER STROBE ~ 11Ons
NOTE 1: SEE NOTE 3 IN FIGURE 32

Figure 32. DMA-Lu DMA Timing: \Vrite Into Memory
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~~~ ~~~~~~~~ 
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WilT 
_____________ 

NOTE 1 NOTE 2 a

DMRQ 

~~~~~~~~~~~~~~~ —
DM6 1 //JJ I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

SACK a I

X OMAG NT j
~~~~~

•
~

XRE TURNS ON BUS TRANSCEIVER

DMA DEN I 
________________________________________________________

O O N T  CARE

‘CL K — CLOCK P E R I O D  • 558ns taj ADDRESS SETUP TIME 219ns
- E X T E R N A L  D E V I C E  ACCESS TIME ~-45On s

t odh - OUTPUT DATA HOLD � 250ns
= DMA GRANT TIME = UNDEFINED — DEPENDENT ON CPU ACTIVITY

NOTE 1: HIGH WHEN WRITE INTO MEMO RY
NOTE 2: HIGH WHEN BYTE WRITE INTO ME MORY
NOTE 3: RPLY MUST COME IN l000ns OR LESS AFTER DIN OR THE

DMA-L u WILL HANG IN T53 UNTIL IT IS RECEIVED. IF RPLY
DOES NOT COME IN 10 ps THE BUSERR FL IPFLOP IS SET AND
THE DMA TRANSFER IS TERM INATED

Figure 33. DMA-Lu DMA Timing: Read From Memory
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FIgure 34. Programmed Data Output From DMA- L i i
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SECTI ON III

SOFTWAR E STATUS

This section presents information on the status of the microcode software

development. Diagnostic software which is used in hardware checkout is

being utilized. The algorithm softwar e will ~e checked out once the CPU 1

hardware is working.

CPU1 FIRMWARE STATUS

All operational microcode for CPU1 has been written and assembled, except

for a small portion dealing with the transfer of features between CPU 1 and

C PU2 ; the latter will be added once the detailed specification of the CPU1/

C PU2 Int er face is finished. The size of each firmware module is shown In

Table 9.

Microcode for CPU1 Checkout

Checkout of CPU 1 will be performed with the use of dia gnos t ic mic r ocode

resident In writable control store (WCS) . Several subsystems have been

identified, and a routine has been or will be written to check out each of them

as independently as possible. These subsystems , the order In which they will

be checked out , and the maj or components of which they are comprised are

shown in Table 10. Subsystems marked with an asterisk in Table 10 do not

yet have check out routines. A routine has also been written to integrate the

subsystems on the ALU and sequencer boards.
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TABLE 9. MICROCODE MODULE SIZES

\ t o d L , 1 - N umb er  of \ I i L - r o i l l  - :  i-un ions

-~vs t i ru ~f 1 It  I d i/ a t lOn -~

an  m i t c t i in g  t O O

( lu t te r  cI ss i f i er  14

Obj - -t  S u e  d i - t e r m i n a t i o n  1 1 - I

* rne d i; i n f i l t e r

\tor, i-r, t  ft :iturcs 1t4 5

I t ecogni t i on  U~~ N N )  classif ier  180

\ is ion 28

Subroutiflcs~ ~~a’ ~
- - root 2( 1

or i: Ij i itj ofl  38

n t . r r u p t  I n d  of line
r ou t  j flCS - - ,I- nd of f r a m e  -

104 5
4 2 5  ( a j p t o\ .  I or C1’l l / r P l 2

1070 in t c r f a  o

These routines are meant to be used in the single step mode; in other words,

the user steps through the microinstructions one at a time and checks for

various logic conditions after each step. This low-speed checkout is intended

to find wiring errors and to determine that all components are functioning

properly . Once the low-speed checkout has been successfully completed , a

high-speed checkout will be done to determine the optimal CPU1 clock periods

for use in real time.

For a given instruction, CPU1 uses one of two clock periods, either a long

or a short one , the period being selected automatically according to the

Instruction type . A clock period can be optimally deter mined by loopin g CPU1

on a microinstruction which selects the cloc k period in question and exhibits

the worst case delay over the entir e class of Instructions which use that per iou .

The period is then shortened until the instruction no longer reliably executes .

- ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ :~~~~._



~~~~~~~~~ —~~~~- — - ~~~~~ - - - - --— -- -5- . . -
~~~~~~~~~~~~~~~~~~~~~~~~

- --- 
~~~~

I

a

c-i -~ 
(0 ~-r ~~ ~~~ ~~ — 0. 0

6 —

5-.

Cit

(0 .0

- 0 Cl)o 
-~~ - -~~ ~~. tL

~L ~ 01 ~ 
0

0 — 1D 0
0 — 0 0 

2 
0

0 —
~ 

-~~~~~~~~~~~~~~~~~~~~~~° z
5= ~ 

—
~~~~~~/ C.) 0

L) -
~~~ : :< E ~ ~ - E
2 ~~~~~

ç < < o 2
— ~- — i- -r -r ~~ 

- -~~

‘ ‘U I~Hi ~
o s- ~~. 0 .~~ 9 - 9 - c  0
1. 5. ~ 

-
~~c_i c~ 

— — — - - —
-— ~— -~~ 5) 0 (1) c 5)

5= 5. C-. —4

0 ~~~~~-~~~ I) 
~

~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~ 

g Q )  5)~~~~~
-i -~ -~~ -~~ — -~ ~~~

68

— -5 ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~- - - -~~~



—--- . --- . -

Microcode for DMA Controllers

CPU 1 contains two microprogrammable DMA controllers; one controls the

t r ans fe r  of f i rs t  level features from the analog front end to Memory 1, and

the other controls the transfer of data to and from CPU2 . Each DMA controller

has its own 256-word by 32- bit control stc’— e which is microprogrammed to

fit the application in question. Neither controller has yet been programmed , hu t
b ut flow charts are being developed. The controllers are needed only after
we have started CPU1 algorithm check ou t, in other words , af ter  CP1~- I

sequ encer , ALU , and memory checkout is complete.

CPU-Com patible Microinstruction Format

No additional microinstruction bits have been defined since the previous

quar t erly report; the microinstruction length remains at 70 bIts . However ,
the microins truction format which has been shown in previou s quarterly reports

is not the format which is being input to CPU 1. The former format , while

being convenient as a logical mode], for programmin g, is not ~v ell suited for

8-bit  wide microinstruction PROMs since some of its subfields would span

an unnecessarily large number of PROM boundaries. This means that if

microinstructions in the original format were loaded into the PROMs and the

subfields in question changed, an excess number of PROMs would have to be
reblown. To remed y this , a new for mat has been defined which seeks to
minimIze the number of PROMs which need changing when the contents of
isolated subflelds are changed. This new format is merely a rearranging of

the bits in the old format. Figure 35 shows both the programminp and PR OM

formats and the mapping from one to the other. Software which takes the bits

output by the microassembler in the programming format  and scrambles them
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into the format required by the WCS and PROMs has been developed and is

described in the next section.

WRITABLE CONTROL STOR E SOFTWAR E STATUS

The writable control store (WCS) provides a 72-bit by 2048-word microcode

store for CPU 1. The memory is interfaced to the Intel MD S— 800 micro-

computer and is treated as parallel I/O by th~ MDS sys tem.  To fac i l i t a t e

rap id loading and debugging of the program microcode to be resident in the

WCS, a number of assembly language routines were developed for the r~IDS

system. These routines , wri t ten  in 8080 assembly code , are grouped into

the two main programs described below.

Scrambling /Loading Program

The first of the two programs is used to generate  a T 5 scrambled” micro -ode

file compatible for later use by the Intel PROM programming rout ines.  The

“scrambled ” microcode file is also loaded Into the W(’S memory at the addresses

determined by the program counter in the microcode file. The term tI scran~bled
i!

as used above simply refers to the operation of apply in g a fixed pe rmu ta t i on  of

bi ts to each microcode word so that the resul t ing  bit pattern is compatible with

the pinout of CPU 1 and the PR OM card. Figure 35 i l lus t ra tes  this bit pe rmuta t ion .

Utility Program

The second 8080 program that was developed consists of a set of utility

routines intended for use during the debugging of algorithm microcode. The

utility f un ct ion s provided In clu de:

~~~~~~~ ~~~~~~~~~~~~~~~~~~~~
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• Load of previously “scrambled ” microcode object file into

the WCS memory fro m diskette.

• Verify the contents of the \\-‘CS memory against a specified object

file.

• Modify or display selected segments of the \VCS memory .

• Perform a test of the memory chips for faul ts .

Summary

Both programs described above are diskette resident on the Intel MDS

system. They each occupy about 1K bytes of R A M  to operate and can be

executed from the CRT terminal in an interactive fashion.

SOFTWARE STATUS

CPU2 software status has not changed since the last quarterly report.
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SECTION IV

PLANS FOR NEXT REPORTING PERIOD

The hardware checkout will continue through the next reporting period.

Assuming that the problem of late parts delivery can be overcome, ~ 1~~ l

checkout should be completed and software microcode checkout will begin.

The last design task of interval design should be also completed and all

boa rds should be built.

Preliminary integration of the hardware should be completed and a power

supply wil l  be ordered for the chassis. The software for CPU2 will be

nearly completed except for certain interfacing details which will have  to be

cleared u p when CPU 1 software is checked out.
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SECTION V

R EVISED SCHEDULE

This section provides revised milestone dates and schedule for the remaining

portion of the program. This is based upon anticipated delivery dates for

high-speed parts for final checkout and integration.
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